A b s t r a c t
The fight against the HIV/AIDS epidemics in resourcelimited countries, particularly in sub-Saharan Africa, has benefited from the recent global funding surge, primarily from the US President's Emergency Plan for AIDS Relief; the Global Fund for AIDS, Tuberculosis and Malaria; UNITAID; the World Bank; and other donors. The United States spends an estimated $10 billion per year on scaling up HIV/AIDS prevention, care, and treatment programs. 1, 2 However, rapid program expansion has accentuated a problem that has long plagued the health system and undermined the program goals-weak laboratory services, dilapidated laboratory infrastructures, and nonfunctioning laboratory networks. 3, 4 Globally strengthening laboratory systems, infrastructure, and personnel is necessary to achieve universal access to care and treatment. [4] [5] [6] With the surge in program funding, investment in laboratory training has also increased. However, the funding for laboratory management training appears limited. Furthermore, educating policy makers about the benefits of strong laboratory networks, thereby garnering support for laboratories, although crucial, is almost nonexistent. Laboratory staff tend to be promoted to supervisory and higher management positions on the basis of seniority or technical expertise, not management skills. Skills required to effectively manage a laboratory include using resources to efficiently meet service goals, supervising and motivating staff, initiating change, and managing relationships with patients and clinicians. 7 Management training is essential to enable laboratory managers to systematically improve their laboratories, provide quality services with limited resources, and achieve accreditation.
Although some effective management training programs exist, 8, 9 many times training alone does not lead to observable changes in laboratory practice. Ineffectiveness of workshops may relate to the curriculum content and a lack of follow-up. Often, the curriculum content is theorydense and based on generic management topics such as leadership, motivation, team building, and problem solving. Trainees may have difficulty applying the theories in their daily work.
The Centers for Disease Control and Prevention (CDC) and World Health Organization (WHO) Regional Office for Africa (AFRO), in partnership with the American Society for Clinical Pathology (ASCP) and the Clinton Foundation, developed Strengthening Laboratory Management Toward Accreditation (SLMTA) to provide an alternative approach to the training of laboratory management and quality management systems. In this article, we describe the development of a tool kit designed to guide laboratories toward the recently launched WHO AFRO Laboratory Accreditation through performance of daily management tasks and routines. We also describe the results from pilot testing in Uganda.
Methods

Task-Based Laboratory Management Framework
The framework defines management in terms of laboratory-specific job tasks performed by managers. It operates under the assumption that effective training is prescriptive, not just descriptive. Instead of describing laboratory management (for example, "5 traits of an effective leader"), training must be grounded in job tasks and job routines such as "This is what you do to manage a laboratory effectively." 10, 11 The framework was the product of a consensus by several organizations including the ASCP, Clinton Foundation, Association of Public Health Laboratories, American Society for Microbiology, Clinical and Laboratory Standards Institute, and Becton Dickinson.
The components of the framework formed the backbone of the SLMTA curriculum and guided the development of the WHO AFRO Laboratory Accreditation Checklist.
This framework ❚Table 1❚ is organized into 4 levels of laboratories in a tiered health system. The 4 levels and the tasks performed by managers are as follows: (1) National level-system strengthening tasks: Managers are responsible for the entire country's laboratory policy, infrastructure, and operations. They provide oversight to specialized reference laboratories. Their key responsibility is to create and execute a multiyear laboratory strategic plan for the country. On a daily basis, they monitor implementation of the plan and troubleshoot issues. (2) Regional/provincial level-supervisory and mentoring tasks: Managers supervise specialized laboratories and departments and perform specialized testing. (3) District level-laboratory operations tasks: The managers are generalists. They manage laboratories within their own institutions. (4) Community level-basic laboratory operations tasks: A trained laboratory technician may manage the site under supervision from other medical staff.
At each level of laboratory service described, the framework provides guidelines for managing laboratories at that level, including job tasks, management routines, and job aids and tools. Job tasks answer the question, "What does a manager do?" These tasks are arranged into key areas of work. Desired outcomes associated with each area of work are also defined ❚Table 2❚. Management routines specify when and how often each task is performed. Job aids and tools define how a task should be performed.
The assessment checklist was designed to quantitatively define the situation in the laboratory in terms of observable, measurable results. It can be used for assessment during supervisory visits, planning and evaluating laboratory improvement projects, and assessing training effectiveness. The checklist, subsequently adopted as the checklist for the WHO AFRO Laboratory Accreditation scheme, now provides a roadmap for laboratories moving toward accreditation. The validity and applicability of the framework were field tested in Ethiopia and Uganda by interviewing 22 laboratory managers from all 4 levels. The field test resulted in only minor edits to the framework. However, as it is unrealistic to expect 1 framework to accurately reflect every country's laboratory system, it is presumed that the framework will require some country-specific customization. Nevertheless, this framework presents a comprehensive picture of what laboratory management entails.
SLMTA: A Task-Based Training and Mentoring Tool Kit
The tool kit is a unique feature of SLMTA and includes the task-based framework, the interactive curriculum, and the checklist. The implementation model of multiple workshops with intervening site visits is an equally essential part of the training program. This tool kit may be used for on-site mentoring in addition to classroom training. Individual activities or tools may be selected based on identified gaps.
The foundation of the tool kit is the laboratory operations (district-level) tasks of the framework. These tasks embody the fundamental requirements to manage a quality laboratory, irrespective of the level of the laboratory. The 10 modules in the SLMTA tool kit correspond to the 10 key areas of work in the framework ❚Figure 1❚. The desired outcome of each area is the performance outcome of the module. The tasks become the learning objectives for the corresponding module. Each module contains activities designed to teach the job tasks. There are more than 40 activities in this tool kit, with a total delivery time greater than 50 hours. All of the activities are interactive and participatory, with less than 10% of total classroom time devoted to lecture. The curriculum also incorporates quality improvement tools such as process mapping, data monitoring, and Lean principles and methods (using less to do more by reducing waste in work processes) for laboratories. 12, 13 The same laboratory management tasks that guided the design of the training activities also formed the basis of the WHO AFRO Laboratory Accreditation Checklist, which is consistent with ISO 15189. 14 As a result, participants see a clear link between a task they are learning and the corresponding checklist items. Each activity references the framework tasks and checklist items that it is designed to fulfill ❚Table 3❚.
Multiworkshop Implementation Model
The implementation process is crucial to the success of the program. The model uses a series of short training sessions delivered in a 6-to12-month period. Between sessions, active learning continues with laboratory improvement projects and supportive site visits. Because behavioral changes take time, implementing multiple workshops allows the changes to be planned, monitored, and sustained. This model also allows facilitators to assess the effectiveness of training and address any observed misconceptions or gaps in the next workshop or site visit.
An emphasis on action sets this program apart from other workshops. Participants are assigned laboratory improvement projects, the benefits of which have been reported. 15, 16 The improvement projects are assigned based on the content covered in training and the identified gaps from the baseline assessment. Intensive coaching on project planning increases the chances for success, as do timely follow-up visits to monitor project implementation.
Site visits provide the link between the classroom curriculum and the participant's home laboratory. These visits affirm and reinforce continuous performance of good laboratory practices. Between the training sessions, facilitators or mentors visit participants' laboratories to provide in-depth coaching for site-specific problems, evaluate the effectiveness of training, identify common gaps to shape the focus of the next training sessions, and assess the progress of improvement projects. In subsequent workshops, participants report results of their improvement projects and share lessons learned. These reporting sessions foster accountability, allow participants to learn from each other, and facilitate the formation of a peer-support learning network, a key tenant in improvement collaboratives. 16, 17 The SLMTA tool kit provides a comprehensive foundation to effect immediate behavioral changes and laboratory improvement. However, additional training, mentoring, and ongoing support are necessary to achieve sustainable improvement leading to laboratory accreditation. Additional content or mentoring may be needed in the areas of quality control, biologic safety, quality management systems, writing standard operating procedures, and method validation.
Results
Uganda Pilot Testing
The goal of pilot testing was to assess the efficacy of the SLMTA program, specifically the task-based approach and 
Pilot Structure
The pilot included a series of 3 workshops conducted by CDC and ASCP facilitators ❚Table 4❚. Each workshop spanned 3 days, separated by 3-or 4-month intervals. Participants implemented assigned improvement projects after each workshop. The Uganda National Laboratory training team was responsible for conducting the follow-up site visits. Some laboratories also received a second visit by the Ugandan team and the CDC-ASCP facilitators. A laboratory assessment tool was used to record the findings for each visit.
Discussion
Participants, who were actively engaged throughout the training, welcomed the practical, task-based approach. The improvement projects-by jumpstarting change from the laboratories' current stage-led participants to believe that they could make a difference despite systemic challenges and limited resources.
Outcomes of the pilot were measured in terms of laboratory improvements achieved ❚Table 5❚, rather than written test scores. This pilot demonstrated that when improvement projects were done properly, laboratories were able to achieve immediate and tangible laboratory improvement even without major policy intervention or resource reallocation. Through site visits, facilitators observed improvement in storerooms, workbenches, and the sample flow. A laboratory purchased a new waste bin to allow for separation of waste; another purchased thermometers to monitor the temperatures in refrigerators and freezers. One participant met with upper management regarding the removal of a nonfunctioning refrigerator, thereby freeing up space critically needed for testing. Increased communication, among laboratory staff and between laboratory staff and hospital administration, was also reported.
In response to clinic administration's concerns about timely delivery of client results, the National STD (Sexually participants pointed out, they achieved these results without additional funding, staff, or laboratory space. Besides the observed behavioral changes and laboratory improvements, participants also reported feeling more confident and empowered as laboratory managers. At the outset of the pilot, a sense of helplessness, owing to lack of resources and lack of decision-making power, was prevalent among participants. By the end of the pilot, that sentiment had changed. They now realized they could begin immediately to improve their laboratories without additional resources or outside help. The sense of empowerment extended to interaction with the other members of the health care team.
Similarly, the benefits of the multiworkshop implementation model were well demonstrated in the pilot. For example, it took several iterations of the duty roster activity combined with the testimony from other laboratory staff to convince some participants of the benefits of assigning specific tasks and workstations to the staff. In addition, common deficiencies found during site visits often led the facilitators to revise planned training activities or create new ones. Noting several disorganized phlebotomy workstations prompted the creation of a new workstation set-up activity. Furthermore, photographs captured during site visits provided powerful teaching tools, allowing participants to critically review and assess their own and each other's laboratories.
Challenges
Despite promising pilot results, this program faces several challenges for implementation and spread. This approach to training has a higher cost per participant compared with other in-service courses owing to the multiworkshop format and required supervisory visits. Some of the improvement project results could not be verified during Transmitted Disease) Clinic Laboratory in Kampala adopted turnaround time (TAT) for rapid HIV testing as its improvement project. The laboratory measured and recorded results on 1 day each week for 4 weeks. At the conclusion of the measurement period, the laboratory established that the TAT for rapid HIV testing was within 1 hour. The data confirmed that the laboratory was delivering timely services. This left clinic administration to assess other processes within the clinic to improve result reporting. In addition, the use of data to improve patient care was promoted throughout the clinic.
The staff meeting activity incorporates the generic managerial concepts of communication and teamwork into a laboratory-specific, practical learning exercise. On returning to their respective laboratories, many of the participants instituted staff meetings to communicate the lessons learned and foster continuous improvement of laboratory services. One participant reported how malaria smear TAT was improved significantly as a result of meeting with, listening to, and coordinating efforts of the staff.
Additional training outcomes were demonstrated in a final laboratory simulation exercise. In the phase I simulated laboratory scenario, chaos reigned. At the end of 34 minutes, the samples for 14 patients had been processed with an average TAT of 8.5 minutes. The participants were anxious to implement newly learned tools to improve the laboratory in phase II of the simulation. Working in teams, they redesigned the layout, streamlined the processes, organized inventory, specified tasks at each workstation, assigned personnel according to workload, and maintained equipment. Phase II showed noticeable improvement with an increased number of samples processed (from 14 to 34 samples), despite a shortened run time (21 vs 34 minutes). In addition, the average TAT decreased from 8.52 to 5.30 minutes. As several Although it has been demonstrated that a level of laboratory improvement is achievable without major interventions from outside, political support, national policy, intact laboratory networks, and adequate resources are essential to complement and sustain the improvement and achieve a higher level of quality patient care. Top-down and bottom-up strategies must be coordinated and linked to support sustained improvement and progress toward accreditation.
Owing to the strong linkage between SLMTA and the WHO AFRO Laboratory Accreditation Checklist, this program is well positioned to support laboratories to accelerate the process toward accreditation by WHO AFRO. To achieve that goal, we recommend the following:
1. Setting prerequisites for entry into the program ensures laboratories are ready to embark on the accreditation process. Criteria may include availability of a country national laboratory strategic plan and policy, a laboratory director with decision-making power, a quality assurance manager, and participants committed to the same job responsibilities throughout the program time frame. 2. A baseline assessment of the selected facilities should be conducted using the WHO AFRO Laboratory Accreditation Checklist at the start of the program to determine gaps and guide development of an action plan. This plan will need to outline a strategy to close the gaps, including additional training, technical assistance, or mentoring programs to complement the SLMTA program. Areas for accreditation that are not addressed in depth by SLMTA include quality control principles and practices, writing standard operating procedures, biologic safety, and quality assurance manager training. 3. Implementation of the multiworkshop delivery model, with improvement projects and on-site monitoring supervisory visits, and other projects were not sustained. Behavioral change requires time, motivation, and consistent support. This highlights the importance of continuous senior management involvement and the need to hold trainees accountable for demonstrating training results. Setting explicit requirements for successful course completion from the outset is beneficial. The WHO AFRO Accreditation Checklist, alpha version, was field-tested in 4 laboratories, while Uganda's standard national supervision checklist was used on all other visits. It would be ideal if the same checklist was used to enable before-and-after comparisons.
The pilot provided a proof of concept. However, turning the pilot into a sustainable process requires investment in human resources so that current laboratory personnel are not overwhelmed with the additional workload.
Conclusions and Recommendations
The Uganda pilot demonstrated learning transfer and behavioral changes in the laboratory from the practical, taskbased training approach. The multiworkshop delivery model with improvement projects and site visits, although challenging, was implemented successfully with immediate and tangible outcomes. SLMTA embodies several unique features:
• The curriculum teaches specific tasks performed by laboratory managers on a daily basis rather than generic information ❚Table 6❚.
• SLMTA is uniquely positioned to guide laboratories toward WHO AFRO accreditation. There is a clear link between the tasks learned and the corresponding item on the Laboratory Accreditation Checklist. In addition, the checklist serves as the ultimate tool to evaluate the effectiveness of the training. and support, requires strong and ongoing support from ministries of health and in-country partners. Resources must be allocated, and visits must be planned in advance, not as an afterthought. 4. At the end of the SLMTA training series, another assessment should be done using the checklist. The difference in scores between the baseline and the end-ofprogram assessment is a measure of the training impact. 5. Because of SLMTA's unique training approach and unconventional delivery model, trainers and implementers of the program should undergo a trainingof-trainers or training-of-mentors program to ensure that SLMTA reaches its full impact. SLMTA trainers in the full-time employ of a ministry of health or a nongovernment organization will need dedicated time to prepare and implement training and conduct site visits.
